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PRELIMINARY AMENDMENT 
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Washington, DC 20231 

Sir: 

Prior to examination of the application and calculation of filing fees, please enter the 
following amendment. 



IN THE SPECTFTCATTON 
Please add the Abstract appended as Appendix Ion a separate page at the end of this 
Amendment. 

IN THE CLAIMS 

Please amend claims 3-12, 15-25, and 28-30 as follows (for the Examiner's 
convenience, a clean copy of all pending claims is being reproduced below, with amended 
claims 3-12, 15-25, and 28-30 being so labeled, and a marked-up version of the amended 
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claims being submitted in Appendix 2 attached at the end of this Amendment): 



1 . Method for the production and processing of alloyed casting material for the working 
area of indefinite chill rolls, containing the elements carbon, silicon, manganese, 
chromium, nickel, molybdenum, vanadium, and if applicable additional elements of 
group 5 of the periodic system, aluminum, and the remainder iron, accompanying 
elements, and impurities related to the manufacturing process, characterized in that 

A. a melt is produced that has a chemical composition in wt-% of 
2.0 to 3.5 C 

1.0 to 2.0 Si 
0.5 to 2.0 Mn 
1.0 to 3.0 Cr 
3.5 to 4.9 Ni 
0.2 to 2.9 Mo 

with the remainder iron and impurities, and 

B. more than 0.5 % vanadium by weight in amounts up to 5.9 wt-% is added, is 
dissolved therein, and 

C. the composition of the meh is set using alloying methods by fixing the 
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concentrations of carbon and silicon in the presence of nickel and the effective total 
of the carbide forming elements in such a manner that, at its solidification, a 
microstructure is formed which exhibits 1.0 to 3.0 vol-% of graphite, with the 
guideline that more than 20 but less than 100 graphite particles are present per mm^ 
of observed surface in a metallographic section and the remainder is composed 
primarily of martensite, 8 to 35 vol-% of eutectic carbides, and at least 1 vol-% of 
finely distributed vanadium carbides, after which 

D. the meh is cast in a form, preferably a centrifugal casting mold, and is allowed to 
soHdify into a body, preferably a working body of a roll, and optionally, the cast body 
is further processed, for example, into a composite roll, with the body or roll that has 
been produced in this manner being 

E. subjected to a heat treatment including at least one one-time heating to a treatment 
temperature, holding at this temperature, and cooling to room temperature. 

2. Method according to claim 1, characterized in that the composition of the melt is set 
using alloying methods by fixing the concentrations of carbon and silicon in the 
presence of nickel and the effective total of the carbide forming elements in such a 
manner that, at its solidification, a microstructure is formed which has 1.0 to 2.5 vol- 
%) of graphite, with the guideline that more than 22 and less than 100 graphite 
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particles are present per mm^ of observed surface in a metallographic section and the 
remainder is composed primarily of martensite, 10 to 25 vol-% of eutectic carbides, 
and of 2 to 20% of finely distributed carbides of the elements of group 5 of the 
periodic system. 

3. (Amended) Method according to claim 1 , characterized in that the composition of the 
meh is set in such a manner that the concentration ratio of carbon to silicon is less 
than or equal to 2.6, preferably less than or equal to 2.0: 

C/Si < 2.6, preferably = 2.0 

4. (Amended) Method according to claim 1, characterized in that the carbon content of 
the meh is set to a value of 2.2 to 3.1 wt-%, preferably 2.6 to 2.95%. 

5. (Amended) Method according to claim 1, characterized in that a final content of 
silicon of 1.2 to 1.85 wt-%, preferably 1.4 to 1.75%, is provided. 

6. (Amended) Method according to claim 1 , characterized in that, when the composition 
of the meh is set using alloying methods, 0.002 to 0.65 wt-%), preferably 0.005 to 0.04 
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%, of aluminum is added and dissolved therein. 



7. (Amended) Method according to claim 1, characterized in that the nickel content of 
the meh is set to a value of 3.51 to 4.7 wt-%, preferably 4.15 to 4.6 wt-%. 

8. (Amended) Method according to claim 1 , characterized in that the composition of the 
melt is set in such a manner that the concentration ratio of molybdenum to chromium 
is less than 1.0, preferably less than 0.8: 

Mo/Cr < 1.0, preferably < 0.8. 

9. (Amended) Method according to claim 1 , characterized in that the content levels of 
chromium and molybdenum in wt-% of the meh are set to the values of 
chromium 1.5 to 1.9 

molybdenum 0.3 to 0.9. 

10. (Amended) Method according to claim 1, characterized in that 1.8 to 3.9 wt-% of 
vanadium, preferably 1.9 to 2.9 wt-%, is added to the melt and dissolved therein. 
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1 1 . (Amended) Method according to claim 1 , characterized in that some of the vanadium 
is replaced by additional elements from group 5 of the periodic system in an amount 
of less than 0.6 wt-%, and mixed carbides are formed. 

12. (Amended) Method according to claim 1 , characterized in that the cast body or the 
roll is subjected to a heat treatment which comprises heating from room temperature 
to a treatment temperature of 400 °C to 500 ""C, preferably 460 °C to 480 °C, holding 
at this temperature for at least two hours, preferably at least 8 hours, and coohng to 
room temperature, optionally with a low-temperature treatment. 

1 3 . Casting material for the working area of indefinite chill rolls, containing the elements 
carbon, silicon, manganese, chromium, nickel, molybdenum, vanadium, and the 
remainder iron, accompanying elements, and impurities related to the manufacturing 
process, characterized in that the alloy contains, in wt-%, more than 

0,5 to 5.9 vanadium 

1.0 to 2.0 silicon 

0.5 to 2.0 manganese 

1.0 to 3.0 chromium 

3.5 to 4.9 nickel 
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0.20 to 2.9 molybdenum 

2.0 to 3.5 carbon with the guideline that 

1 .0 to 3.0 vol-% is present as graphite in particles with a distribution of more than 
20 and less than 100 particles per mm^ of polished surface of the material. 

14. Casting material according to claim 13, characterized in that the alloy contains 
1 .8 to 4.9 wt-% vanadium 

2.2 to 3 . 1 wt-% carbon with the guideline that 

1.2 to 2.5 vol-% as graphite in particles with a distribution of more than 22 and 
less than 90 particles per mm^ of polished surface. 

15. (Amended) Casting material according to claim 13, characterized in that the alloy 
contains, in wt-%, 

2.0 to 3.5 carbon 

1.0 to 2.0 silicon 

0.5 to 2.0 manganese 

1 . 2 to 2 . 5 chromium 

3.5 to 4.9 nickel 

0.5 to 2.1 molybdenum 
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1.5 to 4.9 vanadium 

with the remainder iron and impurities. 

16. (Amended) Casting material according to claim 13, characterized in that the alloy 
has a concentration ratio of carbon to silicon of less than or equal to 2.6, preferably 
less than or equal to 2.0: 

C/Si < 2.6, preferably < 2.0 

17. (Amended) Casting material according to claim 13, characterized in that the alloy 
contains 2.6 to 2.95% carbon by weight. 

18. (Amended) Casting material according to claim 13, characterized in that the alloy 
contains 1.2 to 1.85 wt-% of silicon, preferably 1.4 to 1.75% 

19. (Amended) Casting material according to claim 13, characterized in that the alloy 
contains 0.002 to 0.65 wt-% of aluminum, preferably 0.005 to 0.04 %. 

20. (Amended) Casting material according to claim 13, characterized in that the alloy 
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contains 3.5 to 4.9 wt-% of nickel, preferably 4.15 to 4.6%. 



21. (Amended) Casting material according to claim 13, characterized in that the alloy 
has a concentration ratio of molybdenum to chromium of less than 1.0, preferably less 
than 0.8: 

Mo/Cr < 1.0, preferably < 0.8. 

22. (Amended) Casting material according claim 13, characterized in that the alloy 
contains in wt-% 

chromium 1.5 to 2.01 
molybdenum 0.3 to 0.9. 

23. (Amended) Casting material according to claim 13, characterized in that the alloy 
contains 1.8 to 3.9 wt-% of vanadium, preferably 1.9 to 2.95 wt-%. 

24. (Amended) Casting material according to claim 1 3 , characterized in that some of the 
vanadium content is replaced by additional elements from group 5 of the periodic 
system in a proportion of less than 0.6 wt-%. 
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25. (Amended) Casting material according to claim 13, characterized in that the material 
possesses, in vol-%, 

8 to 35, preferably 10 to 25, eutectic carbides, 

and 1 to 15, preferably 2 to 10, carbides of the elements of group 5 of the periodic 
system. 



26. Composite indefinite chill rolls, especially for finishing stands of wide strip rolling 
mills and also Steckel and heavy plate mills, preferably produced using a method 
according to claims 1 through 12, comprising a work or sleeve part made of a casting 
alloy, preferably according to claims 13 through 25, with little tendency to adhere or 
weld to the rolling stock and with a high-strength core part made of ductile iron, 
characterized in that the working area or sleeve has a thickness of 10 to 150 mm and 
the sleeve material a structure composed essentially of 1.0 to 2.5 vol-% of graphite, 
with the latter being finely dispersed with a graphite particle count of more than 20 
particles per mm^ in a metallographic section, and of 8 to 35 vol-% of eutectic 
carbides, and of 1 to 20 vol-% of uniformly distributed vanadium carbide, with the 
remainder composed primarily of martensite and constituents related to impurities or 
the manufacturing process, and has a hardness between 70 and 90 ShC. 
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27. Composite indefinite chill roll according to claim 26, characterized in that the 
working area or sleeve material has a structure which has 1 .0 to 2.5 vol-% of graphite, 
with the guideline that its distribution density is at least 22 particles but less than 100 
graphite particles per mm^ of polished surface in a metallographic section, contains 
eutectic carbides in an amount of 10 to 25 vol-%, and 2 to 10 vol-% special carbides 
of the elements of group 5 of the periodic system. 



28. (Amended) Composite indefinite chill rolls according to claim 26, characterized in 
that the working or sleeve material has a composition, in wt-%, of 
C = 2.0 to 3.5, preferably 2.21 to 3.1, especially 2.6 to 2.95 
Si = 1 .0 to 2.0, preferably over 1 .2 to 1 .85, especially 1 .4 to 1 .75 
Mn =0.5 to 2.0, preferably 0.6 to 1 .6, especially 0.7 to 1 .4 
Cr =1.0 to 3.0, especially 1.5 to 2.01 
Ni = 3.5 to 4.9, preferably 3.5 to 4.7, especially 4.15 to 4.6 
Mo = 0.20 to 2.9, especially 0.3 to 0.9 

Al = 0.002 to 0.65, preferably 0.005 to 0. 1 , especially 0.005 to 0.04 

V = 0.5 to 5.9, preferably 1.8 to 3.9, especially 1 .9 to 2.9 

with the remainder being iron and impurities and the roll core is formed of ductile 

iron. 
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29. (Amended) Composite indefinite chill rolls according to claim 26, characterized in 
that the working or sleeve material has, in wt-%, 
V = 3. 1 to 3.9, preferably 3.3 to 3.75 and 
Nb+Ta = less than 0.6 
with the remainder being iron and impurities. 



30. (Amended) Composite indefinite chill rolls according to claim 26, characterized in 
that the binding zone between the sleeve or working part and the roll core of low-alloy 
cast iron, preferably of ductile iron, has, in the radial direction, a bending strength (3- 
point bending test) of greater than 600 N/mm^, 



Remarks 

The changes above were made simply to remove multiple dependency in the claims 
and provide an Abstract of the Disclosure as required by the regulations. 
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Should the Examiner have any further comments or questions, the Examiner is invited 
to contact the undersigned at the below-listed telephone number. 



November 9, 2001 

GREENBLUM & BERNSTEIN, P.L.C. 
1941 Roland Clarke Place 
Reston, VA 20191 
(703)716-1191 

Enclosure: Appendices 1 and 2 



Respectfully submitted, 
Bemhard FEISTRITZER 




Neil F. Greenblum 
Reg. No. 28,394 
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a composite roll, with the body or roll that has been produced in this manner being subjected 
to a heat treatment including at least one one-time heating to a treatment temperature, holding 
at this temperature, and cooling to room temperature.-- 
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A ppendix 2 

Claims 

3. (Amended) Method according to [one of claims 1 or 2] claim 1 . characterized in that the 
composition of the melt is set in such a manner that the concentration ratio of carbon to 
silicon is less than or equal to 2.6, preferably less than or equal to 2.0: 

C/Si < 2.6, preferably = 2.0 

4. (Amended) Method according to [one of claims 1 through 3] claim 1 . characterized in that 
the carbon content of the meh is set to a value of 2.2 to 3.1 wt-%, preferably 2.6 to 2.95%. 

5. (Amended) Method according to [one of claims 1 through 4] claim 1 . characterized in that 
a final content of silicon of 1.2 to 1.85 wt-%, preferably 1.4 to 1.75%, is provided. 

6. (Amended) Method according to [one of claims 1 through 5] claim 1 . characterized in that, 
when the composition of the melt is set using alloying methods, 0.002 to 0.65 wt-%, 
preferably 0.005 to 0.04 %, of aluminum is added and dissolved therein. 

7. (Amended) Method according to [one of claims 1 through 7] claim 1 . characterized in that 
the nickel content of the melt is set to a value of 3.51 to 4.7 wt-%, preferably 4.15 to 4.6 wt- 
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8. (Amended) Method according to [one of claims 1 through 7] claim 1 . characterized in that 
the composition of the melt is set in such a manner that the concentration ratio of 
molybdenum to chromium is less than 1.0, preferably less than 0.8: 

Mo/Cr < 1.0, preferably < 0.8. 

9. (Amended) Method according to [one of claims 1 through 8] claim 1 . characterized in that 
the content levels of chromium and molybdenum in wt-% of the melt are set to the values 
of 

chromium 1.5 to 1.9 
molybdenum 0.3 to 0.9. 

10. (Amended) Method according to [one of claims 1 through 9] claim 1 . characterized in that 
1.8 to 3.9 wt-% of vanadium, preferably 1.9 to 2.9 wt-%, is added to the melt and dissolved 
therein. 

1 1 . (Amended) Method according to [one of claims 1 through 10] claim 1 . characterized in that 
some of the vanadium is replaced by additional elements from group 5 of the periodic system 
in an amount of less than 0.6 wt-%, and mixed carbides are formed. 
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12. (Amended) Method according to [one of claims 1 through 1 1] claim 1 . characterized in that 
the cast body or the roll is subjected to a heat treatment which comprises heating from room 
temperature to a treatment temperature of 400 °C to 500°C, preferably 460 °C to 480 °C, 
holding at this temperature for at least two hours, preferably at least 8 hours, and cooling to 
room temperature, optionally with a low-temperature treatment. 

15. (Amended) Casting material according to claim 13 [or 14], characterized in that the alloy 
contains, in wt-%, 

2.0 to 3.5 carbon 

1.0 to 2.0 silicon 

0.5 to 2.0 manganese 

1 .2 to 2 . 5 chromium 

3.5 to 4.9 nickel 

0.5 to 2.1 molybdenum 

1 . 5 to 4 . 9 vanadium 

with the remainder iron and impurities. 

16. (Amended) Casting material according to [one of claims 13 through 15] claim 13 , 
characterized in that the alloy has a concentration ratio of carbon to silicon of less than or 
equal to 2.6, preferably less than or equal to 2.0: 
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C/Si < 2.6, preferably < 2.0 

17. (Amended) Casting material according to [one of claims 13 through 16] claim 13 . 
characterized in that the alloy contains 2.6 to 2.95% carbon by weight. 

18. (Amended) Casting material according to [one of claims 13 through 17] claim 13 , 
characterized in that the alloy contains 1.2 to 1.85 wt-% of silicon, preferably 1.4 to 1.75% 

19. (Amended) Casting material according to [one of claims 13 through 18] claim 13 . 
characterized in that the alloy contains 0.002 to 0.65 wt-%o of aluminum, preferably 0.005 
to 0.04 %. 

20. (Amended) Casting material according to [one of claims 13 through 19] claim 13 . 
characterized in that the alloy contains 3.5 to 4.9 wt-% of nickel, preferably 4.15 to 4.6%. 

21. (Amended) Casting material according to [one of claims 13 through 20] claim 13 , 
characterized in that the alloy has a concentration ratio of molybdenum to chromium of less 
than 1.0, preferably less than 0.8: 

Mo/Cr < 1.0, preferably < 0.8. 
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22. (Amended) Casting material according [to one of claims 13 through 21] claim 13 . 
characterized in that the alloy contains in wt-% 

chromium 1 .5 to 2.0 1 
molybdenum 0.3 to 0.9. 

23. (Amended) Casting material according to [one of claims 13 through 22] claim 13 . 
characterized in that the alloy contains 1.8 to 3.9 wt-% of vanadium, preferably 1.9 to 2.95 
wt-%. 

24. (Amended) Casting material according to [one of claims 13 through 23] claim 13 , 
characterized in that some of the vanadium content is replaced by additional elements from 
group 5 of the periodic system in a proportion of less than 0.6 wt-%. 

25. (Amended) Casting material according to [one of claims 13 through 24] claim 13 . 
characterized in that the material possesses, in vol-%o, 

8 to 35, preferably 10 to 25, eutecdc carbides, 

and 1 to 15, preferably 2 to 10, carbides of the elements of group 5 of the periodic system. 

28. (Amended) Composite indefinite chill rolls according to claim 26 [or 27], characterized in 
that the working or sleeve material has a composition, in wt-%, of 
C = 2.0 to 3.5, preferably 2.21 to 3.1, especially 2.6 to 2.95 
20 
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Si 


= 1 0 to 2 0 nreferablv over 1 2 to 1 esneriallv 1 4 to 1 75 


Mn 


= 0.5 to 2.0, preferably 0.6 to 1.6, especially 0.7 to 1.4 


Cr 


= 1.0 to 3.0, especially 1.5 to 2.01 


Ni 


= 3.5 to 4.9, preferably 3.5 to 4.7, especially 4.15 to 4.6 


Mo 


= 0.20 to 2.9, especially 0.3 to 0.9 


Al 


= 0.002 to 0.65, preferably 0.005 to 0.1, especially 0.005 to 0.04 


V 


= 0.5 to 5.9, preferably 1.8 to 3.9, especially 1.9 to 2.9 



with the remainder being iron and impurities and the roll core is formed of ductile iron. 

29. (Amended) Composite indefinite chill rolls according to claim 26 [through 28], 
characterized in that the working or sleeve material has, in wt-%, 

V = 3. 1 to 3.9, preferably 3.3 to 3.75 and 

Nb+Ta = less than 0.6 

with the remainder being iron and impurities. 

30. (Amended) Composite indefinite chill rolls according to [one of claims 26 through 29] 
claim 26 . characterized in that the binding zone between the sleeve or working part and the 
roll core of low-alloy cast iron, preferably of ductile iron, has, in the radial direction, a 
bending strength (3-point bending test) of greater than 600 N/mm^. 
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Casting Material for Indefinite Chill Rolls wi th a Sleeve Part and Method for 
Producing the Same 

The invention relates to a method for the production of alloyed casting material, 
5 in particular of material for the working area of indefinite chill rolls, containing the 

elements carbon, silicon, manganese, chromium, nickel, molybdenum, vanadium, and 
optionally also other elements of group 5 of the periodic system, aluminum, and the 
remainder iron and impurities related to the manufacturing process. 

1 0 The invention further relates to a casting material containing the elements listed 

above. 

Finally, the invention includes a composite indefinite chill roll, especially for 
work rolls for forming flat steel, comprising a work or sleeve part made of a casting alloy 
1 5 with little tendency to adhere or weld to the rolling stock and of a high-strength core part 

made of low-alloy cast iron, especially of ductile iron. 

Tools or machine parts that are exposed to numerous stresses of different types 
require a special set of properties. For this reason, the most appropriate materials and 
20 manufacturing process must be selected for each case with regard to feasibility and 

economical manufacture as well as the service life of the parts in practical use. 

Parts which are exposed to varying temperatures above room temperature, 
especially for hot forming of workpieces, are made of casting materials in many 
25 applications. As a resuh of such a choice of material, distortion due to local differences 

in temperature can advantageously be minimized to a great extent, the manufacture of the 
parts can be made economical, and the material properties can be largely matched to the 
stresses. 

30 Work rolls used for hot rolling of steel, for example, rolls in wide-strip hot rolling 

mills, especially in Steckel stands and in the finishing stands, on the one hand, are 



P21259.S01 2 PCT/ATOO/00102 

exposed to high mechanical and thermal stresses and, on the other hand, must exhibit the 
least possible tendency toward sticking and welding to the rolling stock. Specifically, the 
thirmer the hot strip is rolled, the higher the specific contact pressures become between 
the work roll and rolling stock, which significantly increases a tendency toward adhesion 
5 of the strip to the roll surface, enhanced by the low final roll temperatures of the last 

stands. This sticking or welding of the roll siirface to the strip can lead to tearing of 
material out of the strip, which in and of itself and through its adhesion to the roll can 
lead to further rolling defects, which often perforce leads to a reduced quality in the hot 
rolled strip. 

10 

It is known to use an indefinite chill cast material in the working area of the rolls 
in the last stands of a hot strip rolling mill in order to meet the requirements regarding a 
reduction of friction in the roll gap and reduction of a tendency of the strip to stick to the 
roll surface, and also to increase the resistance to stripping and thermal shock damage to 
15 the material. 

The indefinite chill quality comprises three essentially different structural 
constituents that are formed as cast, specifically graphite, carbides, and a steel-like 
matrix. Only the matrix can be significantly altered by heat treatment. The indefinite chill 

20 roll quality and/or alloy forms a large amoimt of carbide and little graphite in the structure 

when solidification is rapid, and at lower solidification rates the relationship is reversed, 
i.e., less carbide and more graphite is formed. This has the consequence that rapidly 
solidified material is harder and slowly solidified material is softer. In an indefinite chill 
roll, this has the effect that the carbide content drops as the distance from the cast surface 

25 increases, the graphite content rises, and the hardness likewise decreases. Since no 

defined jump in hardness can be observed in this case, this quality has been named 
"indefinite." 

However, graphite precipitation can degrade the hardness and especially the wear 
30 properties of the material, so the microstructure should also contain hard carbides to 

minimize this disadvantage. 
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It is known to one skilled in the art to create a cast structure with graphite 
particles and carbides using alloying methods, where the content of elements that promote 
graphite formation, primarily nickel and silicon, and the content of carbide formers, 
primarily small amounts of chromium and molybdenum, as well as the carbon content in 
5 the melt must all be coordinated with one another and where their interactions during 

solidification must also be taken into account. 

According to the prior art, indefinite chill rolls have a composition in wt-% of 2.6 
to 3.6 % carbon, 0.6 to 1.1 % silicon, 0.6 to 1.0 % manganese, 1.5 to 2.1 % chromium, 
10 4.1 to 4.6% nickel, 0.3 to 0.5% molybdenum, with the remainder being iron, 

accompanying elements, and impurities. The structure of the working body or the jacket 
of a composite roll is primarily composed of a bainitic and/or martensitic matrix with 
constituents of 28 to 40 % of eutectic carbides and 1 .3 to 2.2 % graphite by volume, with 
5 to 20 graphite particles being present per mm^ of polished surface. 

15 

In order to improve the performance characteristics of indefinite chill rolls, 
especially to increase their wear resistance in the working area, attempts have already 
been made (PCT/GB 93/02380) to introduce preferable surface-layered carbide particles 
of greater hardness into the melt provided for this purpose. It is known to practitioners 

20 of the art that small amoxuits of high-hardness carbides increase wear resistance of the 

material more than the increase produced by typical-quality carbides of lower hardness. 
If the roll or the roll jacket is made from a melt of this type by means of a centrifugal 
casting process, undesirable segregation and inhomogeneities can be produced as a result 
of the centrifugal force and the differences in specific gravity between the carbide 

25 particles and the melt. Furthermore, the formation of the necessary graphite can be 

disrupted by the change in the melt. 

The proposal was made according to PCT/US 96/09181 to add 0.3 to 6.0 wt-% 
Nb to a melt having a balanced composition for indefinite chill rolls and to 
30 correspondingly increase the carbon content stoichiometrically with respect to the 

niobium carbide to be formed. While this process does increase the carbide content and 
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the wear resistance of the material, higher niobium contents can lead to primary 
formation of carbides which can result in coarsening of the carbide grains and the 
graphite particles. 

5 During the centrifugal casting of the working area of an indefinite chill roll, the 

alloy in the mold is subjected to a high centrifugal acceleration during solidification, for 
example, in the range of 80 to 180 g. Since the monocarbides of vanadium that are 
primarily formed in the melt have a lower density than the liquid metal, and those of 
niobium have a higher density, segregation and/or demixing can occur. A proposal has 

10 already been made (US 5 738 734) to prevent segregation by alloying the melt equally 

with vanadium and niobium in such a manner that the monocarbides formed during 
solidification are mixed carbides (VNb)C and have essentially the same density as the 
melt. As a result of the highest possible content for the mono carbide-forming elements 
of 17 wt-% per the above U.S. Patent, the carbon concentration must also be adjusted 

1 5 according to the known relationship. However, such an alloy can exhibit an undesirable 

solidification structure with localized demixing and large graphite particles, which can 
produce impaired surface quality of the roll after even a short operating time, and also 
increases the tendency to stick. 

20 Based on the prior art, the object of the invention is to specify a new, improved 

process by means of which the material of the working area of indefinite chill rolls has 
a significantly reduced tendency to stick or weld to the rolling stock and a consistently 
high abrasion resistance over the thickness of the area used. 

25 The invention has the additional goal of producing a casting material that has 

finely dispersed and homogeneously distributed graphite precipitations with a low 
volume fraction, has special carbides with uniformly small grain diameter likewise 
uniformly distributed through the base material, and also has essentially unchanged 
working surface characteristics in the event of wear. 

30 



Lastly, the invention has achieved the object of producing composite indefinite 
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chill rolls having significantly improved working characteristics and reduced danger of 
roll breakage, stripping and cracking in the core transition region. 



This object is attained in a generic process in that: 
5 A. A melt is produced that has a chemical composition in wt-% of 

2.0 to 3.5 C 
1.0 to 2.0 Si 
0.5 to 2.0 Mn 
1.0 to 3.0 Cr 
10 3.5 to 4.9 Ni 

0.2 to 2.9 Mo 

with the remainder iron and impurities, and 

B. More than 0.5 wt-% vanadium in amounts up to 5.9 wt-% is added, is dissolved 
therein, and 

15 C. The composition of the melt is set using alloying methods by fixing the concentrations 

of carbon and silicon in the presence of nickel and the effective sum of the carbide 
forming elements in such a manner that, at its solidification, a microstructure is formed 
which exhibits 1 .0 to 3 .0 vol-%o of graphite, with the guideline that more than 20 and less 
than 100 graphite particles are present per mm^ of observed surface in a metallographic 

20 section and the remainder is primarily composed of martensite, 8 to 3 5 vol-% of eutectic 

carbides, and at least 1 vol-% of finely distributed vanadium carbides, after which 

D. The melt is cast in a form, preferably a centrifugal casting form, and is allowed to 
solidify into a body, preferably a working body of a roll, and if necessary the cast body 
is further processed, for example, into a composite roll, with the body or roll that has 

25 been produced in this manner being 

E. Subjected to heat treatment including at least one one-time heating to a treatment 
temperature, holding at this temperature, and cooling to room temperature. 

The advantages achieved by the invention lie essentially in the fact that the 
3 0 solidification kinetics of the melt and the structural morphology of the material have been 

set so as to be advantageously changed. This change is achieved through the synergistic 
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effect of the alloying elements in the specified concentrations, where a high number of 
small graphite particles is made possible by a slight increase, as compared to the prior art, 
in the silicon content and also aluminum in the presence of nickel in within tight Umits. 
In this context, however, the effective total of the carbide-forming elements during 
5 eutectic solidification is important, where chromium and molybdenum in the provided 

concentrations were found to be critical influencing variables. Because at least some of 
the vanadium carbides are precipitated prior to eutectic solidification to the solubility 
limit of vanadium in the liquid alloy, it is important for these monocarbides to have a 
small particle size and thus to be incapable of segregating in the meh during solidification 

10 as a result of the applied centrifugal acceleration. According to the current state of 

knowledge, the fme-grain nature of the primary dispersed carbide precipitation is 
achieved through the interaction of carbon, silicon and nickel, on the one hand, and 
chromium, molybdenum and vanadium, on the other hand. These interactions of the 
activities of the elements are still not completely understood by science, but it can be 

1 5 assumed that advantageous precipitation kinetics are achieved during solidification and 

that with appropriate silicon content and nickel concentrations in the remaining meh the 
precipitation of graphite and eutectic carbides is delayed and that fme-grain residual 
solidification takes place once greater supercooling is achieved. The composition of the 
melt here should be set in such a way that the graphite portion in the solidified material 

20 is 1 .0 to 3 .0 vol-%. Lower graphite percentages increase the tendency of the rolling stock 

to stick to the roll surface even at a high graphite particle density of over 20 per mm^. 
When the graphite content exceeds 3.0 vol-%, roll wear increases. Moreover, a content 
of between 8 to 35 vol-% of eutectic carbides and a content of at least 1 vol-%> of special 
carbides or monocarbides is to be produced by alloying methods. Carbide proportions 

25 below 8 and 1 vol-% lead to reduced wear resistance of the material, and more than 35 

vol-% of eutectic carbides increases the risk of cracking or breakage. 

Particularly pronounced crazing resistance as well as surface quality with low roll 
wear in operation can be achieved when the composition of the melt is established by 
30 alloying so that a micro structure is formed at solidification which has 1 .2 to 2.5 vol-%), 

preferably 1.25 to 1.95 vol-%, of graphite with the guideline that more than 22 but no 
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more than 90 graphite particles are present per mm^ of observed surface in a 
metallo graphic section and the remainder is primarily composed of martensite, 10 to 25 
vol-% of eutectic carbides, and 2 to 20 of finely distributed monocarbides. 

5 When, according to a preferred refinement of the invention, the composition of 

the melt is set such that, in the presence of nickel, the concentration ratio of carbon to 
silicon is less than or equal to 2.6, preferably less than or equal to 2.0, the graphite 
precipitation and/or the graphite fraction in the material can be held within the desired 
range with high precision and within tight limits. At a ratio of carbon content to silicon 
10 content that exceeds 2.6, coarse primary carbides are formed and graphite formation is 

adversely affected as well. 

In the optimization of material properties and material quality, although it is 
advantageous for the carbon content of the melt to be set to a value of 2.2 to 3.1 wt-%, 
15 preferably 2.6 to 2.95. 

In the interests of an especially good balance of the graphite and carbide 
distribution during solidification, and in order to further improve the operating 
characteristics of the roll, it has been proven favorable for a fmal silicon content of more 
20 than 1 .2 to 1 .95 wt-%, preferably 1 .4 to 1 .75, to be provided. 

The element aluminum fosters the tendency toward graphite formation, on the one 
hand, but also causes fine-grain precipitation of special carbides, on the other hand. 
Aluminiim can also partially replace silicon in terms of action kinetics and find 
25 application as a control element for a balanced graphite/carbide precipitation so that, 

when setting the composition of the melt by alloying means, aluminum can be added at 
0.002 to 0.65 wt-% and dissolved therein. Aluminum contents of 0.005 to 0.04 wt-% axe 
preferred. 



30 The establishment of high material quality in tight limits is favorable when the 

nickel content of the melt is set to a value of 3 .5 1 to 4.7 wt-%, preferably 4. 1 5 to 4.6 wt- 



P21259.S01 
%. 



8 



PCT/ATOO/00102 



In terms of solidification kinetics, but also with regard to the formation of a large 
number of graphite particles, it has proven advantageous for the concentration ratio of 
5 molybdenum to chromium to be less than 1 .0, preferably less than 0.8. 

Mo/Cr < 1 .0, preferable < 0.8 

If the ratio exceeds 1 .0, high transformation stresses can arise during cooling and 
1 0 heat treatment of the composite roll, which can lead to material separation. This danger 

is greater with smaller rolls; however; for reasons of safety from cracking it is always 
advantageous to set the ratio of chromium content to molybdenum content below 0.8. 

In the interest of the deliberate formation of eutectic carbides and thus the 
1 5 reduction of the risk of breakage of the roll material under impact stresses, it has proven 

advantageous for the content of chromium and molybdenum in the melt in vvt-% to be set 
to the values of 

chromiiun 1 .2 to 2.6, preferably 1.5 to 2.01 
molybdenum 0.20 to 2.6, preferably 0.3 to 0.9. 

20 

Manganese serves primarily to bind sulfur, where it is advantageous for the 
manganese content in the melt to be set to a value in wt-% of 0.6 to 1.6, preferably 0.7 
to 1.45. 

25 In order to further promote a finely dispersed distribution of graphite particles, 

and to keep the grain size of the special carbides uniformly small, and thus improve the 
working properties of an indefinite chill roll, even under frequent abrasion, it can be of 
further advantage for 1.8 to 3.9 wt-%, preferably 1.9 to 2.9 wt-%, of vanadium to be 
added to the melt and dissolved therein. 

30 

It can also be advantageous when some of the vanadium is replaced by additional 
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elements from group 5 of the periodic system in an amount of less than 0.6 wt-%, and 
mixed carbides are formed. In the end, the prescribed material properties are achieved by 
means of heat treatment. In the course of the method according to the invention, it has 
proven advantageous for the cast body or the roll to be subjected to a heat treatment 
5 including at least one heating from room temperature to a treatment temperature of 400 

°C to 500 °C, preferably 460 °C to 480 °C, holding at this temperature for at least two 
hours, preferably at least 8 hours, and cooling to room temperature, optionally with a tow- 
temperature treatment. 

10 The further object of the invention is achieved with a casting material of the 

initially described type in that the alloy contains, in wt-%, 

0.5 to 5.9 V 

1.0 to 2.0 Si 

0.5 to 2.0 Mn 
15 1.0 to 3.0 Cr 

3.5 to 4.9 Ni 

0.20 to 2.9 Mo 

2.0 to 3.5 carbon with the guideline that 

1.0 to 3.0 vol-% is present as graphite particles with a distribution of more than 20 and 
20 less than 100 graphite particles per mm^ of metallographic polished surface of the 

material. 

The advantage of the material thus formed is its special suitability for construction 
of indefinite chill rolls, and can largely be observed in that, as compared to the prior art, 

25 a very constant graphite proportion is achieved with similar properties of the material. 

Due to the high graphite particle density brought about by alloying methods, the tendency 
of the rolling stock to weld or adhere to the surface of the roll is reduced significantly. A 
particle count below 20 per mm^ of observation surface does not demonstrate sufficient 
effect, however. The same applies when the number of graphite particles is above 1 00 per 

30 mm^ because then the diameter of the individual particles is too small to reduce the 

tendency to adhere to the required degree. For a high graphite particle count and a fine 
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eutectic solidification with small special carbides, it is necessary for the vanadium 
content to be greater than 0.5 wt-% because smaller concentrations do not achieve 
effective structural refinement., In order to achieve formation of finely dispersed graphite 
particles and to maintain a desired solidification and structural arrangement when the 
5 requisite carbon content is present, it is also necessary to provide the elements silicon in 

the presence of nickel and also chromium and molybdenum within tight concentration 
limits, because these elements interact kinetically. However, a high vanadium content 
leads to coarse primary carbide precipitation of the MC type, and can cause increased 
fracture risk and flaking of the large carbides out of the working surface, so the 
1 0 concentration of this element in the material should not exceed the value of 5.9 wt-%. 

The service properties of the roll can be advantageously further improved when the alloy 
contains 

1.8 to 4.8 wt-% of elements of the vanadium group of the periodic system 

15 2.2 to 3. 1 carbon with the guideline that 

1.2 to 2.5 vol-%) of graphite is present as particles with a distribution of more than 22 
particles and less than 90 particles per mm^ of a metallographically polished surface. If 
the graphite particle count of 100 per mm^ of image surface is exceeded for a graphite 
content of 1 .8 vol-%, the tendency of the rolling stock to stick to the roll surface increases 

20 significantly. 

High quality assurance, especially with regard to the transformation behavior of 

the material, is achieved when the alloy contains, in wt-%, 

2.0 to 3.5 carbon 
25 1.0 to 2.0 silicon 

0.5 to 2.0 manganese 

1.0 to 3.0 chromium 

3.5 to 4.9 nickel 

0.2 to 2.9 molybdenum 
30 1 .5 to 4.9 vanadium 

with the remainder iron and impurities. 
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Furthermore, as became evident, it is advantageous in the formation according to 
the invention of the material composition with regard to a homogeneous and finely 
dispersed graphite particle formation as well as improved service properties of an 
indefinite chill roll if the alloy has a concentration ratio of carbon to silicon of less than 
or equal to 2.6, preferably less than or equal to 2.0, where the presence of nickel is 
provided. 

It has proven advantageous, both for especially fine graphite and carbide 
formation as well as for balanced eutectic graphite/carbide precipitation, for the alloy to 
contain greater than 1.2 to 1.85 wt-% of silicon, preferably from 1.4 to 1.75 wt-%. 

Aluminum, in content levels from 0.002 to 0.65 wt-%, preferably from 0.005 to 
0.04 wt-%, can advantageously ensure a desired graphite and carbide formation as well 
as a fine solidification structure of the cast body. 

With regard to a controlled graphite content and an intended assumption of 
hardness of the material, it is preferred for the alloy to contain 3.5 to 4.9 wt-% of nickel, 
preferably 4.15 to 4.6 wt-%. 

In order to bind the sulfur, the alloy can beneficially contain 0.6 to 1.6 wt-%, 
preferably 0.6 to 1.6 wt-%, of manganese. 

Both the solidification morphology and the transformation behavior of the sleeve 
material can be improved, and the risk of cracking of the composite roll can be reduced, 
when the alloy has a concentration ratio of molybdenum to chromium of less than 1 .0, 
preferably less than 0.8. In this way, the inner stresses of a roll are significantly reduced. 
This applies to vanadium content levels of up to 5.9 wt-% and only low content levels of 
further elements from group 5 of the periodic systems. The proportion of eutectic 
carbides in the roll material can be advantageously developed by content levels in wt-% 
of 1 .5 to 2.01 of chromium and concentrations from 0.3 to 0.9 of molybdenum, especially 
with a carbon content from 2.6 to 2.95 wt-%. 
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When the alloy contains 1 .8 to 4.0 wt-% of vanadium, preferably 1 .9 to 2.95 wt- 
%, favorable resistance to wear with high material hardness and an improved structural 
transformation behavior of the material are achieved at the same time. 

5 It is also possible to replace some of the vanadium content with other 

monocarbide-forming elements from group 5 of the periodic system in amounts less than 
0.6 wt-%. At niobium or tantalum concentrations in the alloy of 0.6 wt-% and greater, 
coarse phases may be formed in the structure which worsen the properties of the working 
roll and the sxarface quality of the rolling stock. 

10 

Finally, improved resistance to breakage and a low stripping tendency with 
improved wear characteristics of the cast material can be achieved if the cast material 
possesses, in vol-%, 

8 to 35, preferably 10 to 25, eutectic carbide and 
15 1 to 15, preferably 2 to 10, carbides from group 5, the vanadium group, of the periodic 

system. 

The further object of the invention, namely to specify composite indefinite chill 
rolls of the generic type produced with the centrifugal casting process and having 

20 significantly improved working characteristics and reduced danger of roll breakage, 

stripping, crazing and cracking in the transition region to the core, is achieved in that the 
working area or sleeve has a thickness of 10 to 150 mm, and the sleeve material has a 
structure comprising primarily of 1 .0 to 2.5 vol-% of graphite, where the latter is present 
in finely dispersed form with a graphite particle count of more than 20 particles per mm^ 

25 of a metallographic polished surface, and of 8 to 3 5 vol-%o of eutectic carbides, of 1 to 20 

vol-% of vanadium carbides that are imiformly distributed, especially in the direction of 
the sleeve thickness, with the remainder being essentially martensite and constituents 
related to impurities or the manufacturing process, and has a hardness between 70 and 90 
She. 

30 

The advantage of the rolls according to the invention is essentially that the sleeve 
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metallically bound to the core with high strength has a high graphite particle count, which 
particularly effectively prevents adhesion or welding of the rolling stock during roll 
operation. This homogeneous graphite formation and the uniform distribution of the 
small vanadium special carbides is achieved by using alloying methods to influence the 
solidification kinetics so that demixing due to so-called centrifugal segregation cannot 
take place during the centrifugal casting process. Thus, in an advantageous fashion, the 
structural arrangement and the roll performance are largely the same after every instance 
of reworking the working surface, even in the event of necessary radial grinding. The roll 
performance in each case up imtil a necessary reworking of the surface is advantageously 
improved because the high graphite particle density effects an increased crazing 
resistance as well as an improved surface quality of the sleeve, which is more wear- 
resistant as a result of the special carbides. 

Improved properties of a roll according to the invention can be attained with 
certainty when the working area or sleeve material has a structure which contains 1 .0 to 
2.5 vol-% of graphite, with the guideline that its distribution density is at least 22 
particles but less than 100 graphite particles per mm^ of polished surface in a 
metallographic section, contains eutectic carbides in an amount of 10 to 25 vol-%, and 
2 to 10 vol-% of special carbides of the elements of group 5 of the periodic system 

If, according to a preferred material variant, the working or sleeve material has 
a composition, in wt-%, of 

C = 2.0 to 3.5, preferably 2.21 to 3.1, especially 2.6 to 2.95 

Si = 1.0 to 2.0, preferably over 1.2 to 1.85, especially 1.4 to 1.75 

Mn = 0.5 to 2.0, preferably 0.6 to 1.6, especially 0.7 to 1.4 

Cr = 1.0 to 3.0, preferably 1.3 to 2.5, especially 1.5 to 2.01 

Ni = 3.5 to 4.9, preferably 3.5 to 4.7, especially 4.15 to 4.6 

Mo - 0.2 to 2.9, preferably 0.25 to 1.3, especially 0.3 to 0.9 

AI = 0.002 to 0.65, preferably 0.005 to 0.1, especially 0.005 to 0.04 

V = 0.5 to 5.9, preferably 1.8 to 3.9, especially 1.9 to 2.9 

optionally, Nb and/or Ta less than 0.6 
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with the remainder being iron and impurities 

and the roll core is formed of ductile iron, then high resistance to wear, reduced danger 
of crack formation and crack propagation, and high hardness of the working area of the 
roll are assured. 

5 

High protection from the initiation of cracks can be achieved when the binding 
zone between the sleeve or working area and the roll core of low-alloy cast iron, 
preferably of ductile iron, has, in the radial direction, a bending strength (3 -point bending 
test) of greater than 600 N/mm^. 

10 

The invention is described in detail below using graphs and illustrations of test 
results as well as a table. Shovm are: 

Fig. 1 a graph of C/Si 

15 

Fig. 2 a graph of Mo/Cr 

Figs. 3 and 4 unetched photomicrographs 

20 Tab. 1 roll materials and their performance in practical use. 

Fig. 1 shows the concentration of silicon and carbon, where the inventive region 
is described by the points a, p, y, S- Preferred regions with a ratio of C/Si — 2.6 (region 
A) (Cd, p, Y, ^\ a') and a ratio of C/Si < 2.0 (region B) (a, P, y, 6^) are marked. 

25 

Fig. 2 shows a graph of molybdenimi and chromium in which the ratio region (a, 
^, Y^, 6) according to the invention of the content is represented. The preferred regions 
with a ratio of Mo/Cr < 1 .0 (region A) (a, ^, 6', a^) and one with Mo/Cr = 0.8 

(region B) (a, ^, X, S, 6\ a^) are identified as in Fig. 1. 

30 

Fig. 3 shows, in a photomicrograph with 5 Ox magnification, the formation of 
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graphite in a roll material according to the prior art. The roll sleeve had the following 
chemical composition in wt-%: C = 3.09, Si = 0.91, Mn = 0.84, Cr = 1 .79, Ni = 4.51 , Mo 
= 0.38, Al = 0.003, graphite content: 3.9 vol-%, 18 graphite particles per mml Fig. 4 
shows, in a photomicrograph with the same 50x magnification, the large number and 
uniform distribution of graphite particles in a working area of a roll composed according 
to the invention. The chemical composition of the working area in wt-% was C = 3.02, 
Si = 1 .42, Mn = 0.9, Cr = 1 .8, Ni = 4.36, Mo = 0.52, V = 2.9, Al = .008, graphite content: 
2.8 vol-%, 42 graphite particles per mm^. 

In comparison to a material according to the prior art, despite a lower carbon 
content and lower graphite content of the alloy according to the invention, the number of 
graphite particles was more than twice as large and 3 .2 vol-% of vanadium carbides were 
measured. 



Table 1 summarizes the chemical composition of the roll sleeve, the structural 
composition and the roll performance achieved in practical use for each of 10 roll pairs. 
The rolls designated A through E, which were manufactured according to prior art, hence 
were not alloyed with vanadium; the rolls designated F through J were manufactured with 
a sleeve material alloyed according to the invention. 

By means of additional alloying with vanadium (rolls F through N), the formation 
of hard vanadium carbides with small grain size and largely homogeneous distribution 
in the material was possible with a reduced proportion of eutectic carbides, by means of 
which the wear resistance of the material, and finally the roll performance, were 
significantly improved. A high graphite particle count per mm^ which was achieved 
through the interactions of the activities of the elements Cr, Si, Ni, Mo, C and V, 
prevented sticking or welding of the rolling stock to or with the roll surface, even at low 
graphite proportions. The addition of niobium and tantalum, which is to say of additional 
elements fi-om group 5 of the periodic system, produced a small increase in the wear 
resistance and roll performance in operation at contents less than 0.6 wt-%. It is 
noteworthy that the formation and propagation of cracks, as well as stripping, were 
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significantly reduced in the sleeve material according to the invention, which can 
probably be attributed to the large number of graphite particles. Microscopic examination 
demonstrated that the monocarbides MC had small grain sizes and were primarily 
distributed in finely dispersed form. Since the density of the vanadium carbides is 
5 approximately 5.82 g/cm^ at room temperature, on the one hand, and no centrifugal 

segregation caused by the centrifugal casting was observable on the other hand, we can 
conclude that the precipitation of special carbides and the fine precipitation of graphite 
occurred primarily during the eutectic solidification and that primary precipitation was 
largely inhibited. 
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1 . Method for the production and processing of alloyed casting material for the 
working area of indefinite chill rolls, containing the elements carbon, silicon, 
5 manganese, chromium, nickel, molybdenum, vanadium, and if applicable 

additional elements of group 5 of the periodic system, aluminum, and the 
remainder iron, accompanying elements, and impurities related to the 
manufacturing process, characterized in that 

A. a melt is produced that has a chemical composition in Avt-% of 
10 2.0 to 3.5 C 

1.0 to 2.0 Si 
0.5 to 2.0 Mn 
1.0 to 3.0 Cr 
3.5 to 4.9 Ni 
15 0.2 to 2.9 Mo 

with the remainder iron and impurities, and 

B. more than 0.5 % vanadium by weight in amounts up to 5.9 wt-% is added, is 
dissolved therein, and 

C. the composition of the melt is set using alloying methods by fixing the 
20 concentrations of carbon and silicon in the presence of nickel and the effective 

total of the carbide forming elements in such a manner that, at its solidification, 
a microstructure is formed which exhibits 1 .0 to 3.0 vol-% of graphite, with the 
guideline that more than 20 but less than 100 graphite particles are present per 
mm^ of observed surface in a metallographic section and the remainder is 
25 composed primarily of martensite, 8 to 35 vol-% of eutectic carbides, and at least 

1 vol-% of finely distributed vanadium carbides, after which 

D. the melt is cast in a form, preferably a centrifugal casting mold, and is allowed 
to solidify into a body, preferably a working body of a roll, and optionally, the 
cast body is further processed, for example, into a composite roll, with the body 

30 or roll that has been produced in this maraier being 

E. subjected to a heat treatment including at least one one-time heating to a 
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treatment temperature, holding at this temperature, and cooling to room 
temperature. 



2. Method according to claim 1 , characterized in that the composition of the meh is 
5 set using alloying methods by fixing the concentrations of carbon and silicon in 

the presence of nickel and the effective total of the carbide forming elements in 
such a manner that, at its solidification, a microstructure is formed which has 1 .0 
to 2.5 vol-% of graphite, with the guideline that more than 22 and less than 100 
graphite particles are present per mm^ of observed surface in a metallographic 
1 0 section and the remainder is composed primarily of martensite, 10 to 25 vol-% 

of eutectic carbides, and of 2 to 20% of finely distributed carbides of the elements 
of group 5 of the periodic system. 

3 . Method according to one of claims 1 or 2, characterized in that the composition 
1 5 of the melt is set in such a manner that the concentration ratio of carbon to silicon 

is less than or equal to 2.6, preferably less than or equal to 2.0: 



C/Si < 2.6, preferably = 2.0 



20 4. Method according to one of claims 1 through 3, characterized in that the carbon 

content of the melt is set to a value of 2.2 to 3.1 wt-%, preferably 2.6 to 2.95%. 

5. Method according to one of claims 1 through 4, characterized in that a final 
content of sihcon of 1.2 to 1.85 wt-%, preferably 1.4 to 1.75%, is provided. 

25 

6. Method according to one of claims 1 through 5, characterized in that, when the 
composition of the melt is set using alloying methods, 0.002 to 0.65 Avt-%, 
preferably 0.005 to 0.04 %, of aluminum is added and dissolved therein. 



30 7. 



Method according to one of claims 1 through 7, characterized in that the nickel 
content of the melt is set to a value of 3 .5 1 to 4.7 wt-%, preferably 4. 1 5 to 4.6 wt- 
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%. 

8. Method according to one of claims 1 through 7, characterized in that the 
composition of the melt is set in such a manner that the concentration ratio of 

5 molybdenum to chromium is less than 1 .0, preferably less than 0.8: 

Mo/Cr < 1.0, preferably < 0.8. 

9. Method according to one of claims 1 through 8, characterized in that the content 
0 levels of chromium and molybdenum in wt-% of the melt are set to the values of 

chromiimi 1.5 to 1.9 
molybdenum 0.3 to 0.9. 

10. Method according to one of claims 1 through 9, characterized in that 1 .8 to 3.9 
5 wt-% of vanadium, preferably 1 . 9 to 2. 9 wt-%, is added to the meh and dissolved 

therein. 

1 1 . Method according to one of claims 1 through 10, characterized in that some of the 
vanadium is replaced by additional elements from group 5 of the periodic system 

) in an amount of less than 0.6 wt-%, and mixed carbides are formed. 

12. Method according to one of claims 1 through 11, characterized in that the cast 
body or the roll is subjected to a heat treatment which comprises heating from 
room temperature to a treatment temperature of 400 °C to 500°C, preferably 460 

5 °Cto480°C, holding at this temperature for at least two hours, preferably at least 

8 hours, and cooling to room temperature, optionally with a low-temperature 
treatment. 



30 



13. 



Casting material for the working area of indefinite chill rolls, containing the 
elements carbon, silicon, manganese, chromium, nickel, molybdenum, vanadium, 
and the remainder iron, accompanying elements, and impurities related to the 
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manufacturing process, characterized in that the alloy contains, in wt-%, more 





than 






0.5 to 5.9 


vanadium 




1.0 to 2.0 


silicon 


5 


0.5 to 2.0 


manganese 




1.0 to 3.0 


chromium 




3.5 to 4.9 


nickel 




0.20 to 2.9 


molybdenum 




2.0 to 3.5 


carbon with the guideline that 


10 


1.0 to 3.0 


voi-% is present as graphite in particles with a distribution of 




more than 20 and less than 100 particles per mm^ of polished surface of the 




material. 






14. Casting material according to claim 13, characterized in that the alloy contains 


15 


1.8 to 4.9 


wt-% vanadium 




2.2 to 3.1 


wt-% carbon with the guideline that 




1.2 to 2.5 


vol-% as graphite in particles with a distribution of more than 22 




and less than 90 particles per mm^ of polished surface. 


20 


15. Casting material according to claim 13 or 14, characterized in that the alloy 




contains, in wt-%, 




2.0 to 3.5 


carbon 




1.0 to 2.0 


silicon 




0.5 to 2.0 


manganese 


25 


1.2 to 2.5 


chromium 




3.5 to 4.9 


nickel 




0.5 to 2.1 


molybdenum 




1.5 to 4.9 


vanadium 



with the remainder iron and impurities. 



16. 



Casting material according to one of claims 13 through 15, characterized in that 
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the alloy has a concentration ratio of carbon to silicon of less than or equal to 2.6, 
preferably less than or equal to 2.0: 



C/Si < 2.6, preferably < 2.0 

5 

1 7. Casting material according to one of claims 1 3 through 1 6, characterized in that 
the alloy contains 2.6 to 2.95% carbon by weight. 

1 8 . Casting material according to one of claims 1 3 through 1 7, characterized in that 
1 0 the alloy contains 1 .2 to 1 .85 wt-% of silicon, preferably 1 .4 to 1 .75% 

1 9. Casting material according to one of claims 1 3 through 1 8, characterized in that 
the alloy contains 0.002 to 0.65 wt-% of aluminum, preferably 0.005 to 0.04 %. 

15 20. Casting material according to one of claims 1 3 through 1 9, characterized in that 

the alloy contains 3.5 to 4.9 wt-% of nickel, preferably 4.15 to 4.6%. 

21 . Casting material according to one of claims 1 3 through 20, characterized in that 
the alloy has a concentration ratio of molybdenum to chromium of less than 1 .0, 
20 preferably less than 0.8: 



Mo/Cr < 1.0, preferably < 0.8. 



Casting material according to one of claims 13 through 21, characterized in that 
the alloy contains in wt-% 
chromium 1 .5 to 2.01 
molybdenum 0.3 to 0.9. 



23. 

30 



Casting material according to one of claims 13 through 22, characterized in that 
the alloy contains 1.8 to 3.9 wt-% of vanadium, preferably 1.9 to 2.95 wt-%. 
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Casting material according to one of claims 13 through 23, characterized in that 
some of the vanadium content is replaced by additional elements from group 5 of 
the periodic system in a proportion of less than 0.6 wt-%. 

Casting material according to one of claims 13 through 24, characterized in that 

the material possesses, in vol-%, 

8 to 35, preferably 10 to 25, eutectic carbides, 

and 1 to 1 5, preferably 2 to 1 0, carbides of the elements of group 5 of the periodic 
system. 

Composite indefinite chill rolls, especially for finishing stands of wide strip 
rolling mills and also Steckel and heavy plate mills, preferably produced using a 
method according to claims 1 through 12, comprising a work or sleeve part made 
of a casting alloy, preferably according to claims 13 through 25, with little 
tendency to adhere or weld to the rolling stock and with a high-strength core part 
made of ductile iron, characterized in that the working area or sleeve has a 
thickness of 10 to 150 mm and the sleeve material a structure composed 
essentially of 1 .0 to 2.5 vol-% of graphite, with the latter being finely dispersed 
with a graphite particle count of more than 20 particles per mm^ in a 
metallographic section, and of 8 to 35 vol-% of eutectic carbides, and of 1 to 20 
vol-% of uniformly distributed vanadium carbide, with the remainder composed 
primarily of martensite and constituents related to impurities or the manufacturing 
process, and has a hardness between 70 and 90 ShC. 

Composite indefinite chill roll according to claim 26, characterized in that the 
working area or sleeve material has a structxu:e which has 1.0 to 2.5 vol-% of 
graphite, with the guideline that its distribution density is at least 22 particles but 
less than 100 graphite particles per mm^ of polished surface in a metallographic 
section, contains eutectic carbides in an amount of 10 to 25 vol-%, and 2 to 10 
vol-% special carbides of the elements of group 5 of the periodic system. 
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28 . Composite indefinite chill rolls according to claim 26 or 27, characterized in that 
the working or sleeve material has a composition, in wt-%, of 
C = 2.0 to 3.5, preferably 2.21 to 3.1, especially 2.6 to 2.95 
Si = 1 .0 to 2.0, preferably over 1 .2 to 1 .85, especially 1 .4 to 1 .75 
5 Mn = 0.5 to 2.0, preferably 0.6 to 1 .6, especially 0.7 to 1 .4 

Cr =1.0 to 3.0, especially 1.5 to 2.01 
Ni = 3.5 to 4.9, preferably 3.5 to 4.7, especially 4.15 to 4.6 
Mo = 0.20 to 2.9, especially 0.3 to 0.9 

Al = 0.002 to 0.65, preferably 0.005 to 0.1, especially 0.005 to 0.04 
0 V =0.5to5.9, preferably 1.8 to 3.9, especially 1.9 to 2.9 

with the remainder being iron and impurities and the roll core is formed of ductile 
iron. 



29. Composite indefinite chill rolls according to claim 26 through 28, characterized 
1 5 in that the working or sleeve material has, in wt-%, 

V = 3 . 1 to 3 .9, preferably 3 .3 to 3 .75 and 
Nb+Ta = less than 0.6 

with the remainder being iron and impurities. 



Composite indefinite chill roils according to one of claims 26 through 29, 
characterized in that the binding zone between the sleeve or working part and the 
roll core of low-alloy cast iron, preferably of ductile iron, has, in the radial 
direction, a bending strength (3-point bending test) of greater than 600 N/mml 
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German Language Utility or Design Patent Application Declaration 

Ich beanspruche hiermit Prioritatsvorteile unter Title 35, US-Code, § I hereby claim the benefit under Title 35, United States Code 

1 1 9(e) aller US-Hilfsanmeldungen wie unten aufgezahlt. § 1 1 9(e) of any United States provisional application(s) listed 

below. 



(Application Number) 
(Aktenzeichen) 



(Application Number) 
(Aktenzeichen) 



(Application Number) 
(Aktenzeichen) 

n Zusatzliche einstweilige Anmeldungsnummem sind im 
erganzenden Prioritatsanhang aufgefiihrt. 

Ich beanspruche hiermit die mir unter Title 35, US-Code, § 120 
zustehenden Vorteile aller unten aufgefflhrten US-Patentanmeldungen 
bzw. § 365(c) aller PCT intemationalen Anmeldungen, welche die 
Vereinigten Staaten von Amerika benennen, und erkenne, insofem der 
Gegenstand eines jeden fruheren Anspruchs dieser Patentanmeldung 
nicht in einer US-Patentanmeldung, bzw. PCT intemationalen 
Anmeldung in in einer gemaB dem ersten Absatz von Title 35, US- 
C(£f , § 112 vorgeschriebenen Art und Weise offenbart wurde, meine 
Pfl^cht zur Offenbarung jeglicher Informationen an, die zur Priifung der 
Pafentfahigkeit in Einklang mit Title 37, Code of Federal Regulations, § 
l.^ von Belang sind und die im Zeitraum zwischen dem Anmeldetag 
deiJ|-uheren Patentanmeldung und dem nationalen oder im Rahmen des 
V^iif jags iiber die Zusammenarbeit auf dem Gebiet des Patentwesen 
(PpJ) gultigen intemationalen Anmeldetags bekannt geworden sind. 



— ' (Application No.) 
^ (Aktenzeichen) 



(Application No.) 
(Aktenzeichen) 



(Day/MonthA'ear Filed) 
(Tag/Monat/Jahr eingereicht) 



(Day/MonthA^ear Filed) 
(Tag/Monat/Jahr eingereicht) 



n Zusatzliche USA oder intemationale Anmeldungsnummem sind 
im erganzenden Prioritatsanhang aufgefiihrt. 

Ich erklare heirmit, dafl alle in der vorliegenden Erklarung von mir 
gemachte Angaben nach bestem Wissen und Gewissen der Wahrheit 
entsprechen, und femer dafi ich diese eidesstattliche Erklarung in 
Kenntnis dessen ablege, daB wissentlich und vorsatzlich falsche 
Angaben oder dergleichen gemaB § 1001, Title 18 des US-Code strafbar 
sind und mit Geldstrafe und/oder Gefangnis bestraft werden konnen und 
daB derartige wissentlich und vorsatzlich falsche Angaben die 
Rechtswirksamkeit der vorliegenden Patentanmeldung oder eines 
aufgrund deren erteilten Patentes gefahrden konnen. 

Hiermit bevollmachtgt der Unterzeichnete den hierin genannten 
entweder USA-Anwalt oder Stellvertreter, in der Abwesenheit einer 
direkten Verstandigung zwischen den USA-Anwalt oder Stellvertreter 
und dem Unterzeichneten Anweisungen, die der der Anmeldung 
betreffend dem Patent und Warenzeichen Amt zugestellt werden, von 
entweder seinem auslandischen Patentvertreter oder Stellvertreter der 
Gesellschaft anzunehmen und auszufuhren. SoUte sich das Personal 
andem, von dem Anweisungen angenommen werden mogen, dann wird 
der hierin genannte USA-Anwah oder Stellvertreter entprechend von 
dem Unterzeichneten bcnachrichtigt. 



(Day/Month/Year Filed) 
(Tag/Monat/Jahr der Anmeldung) 



(Day/Month/Year Filed) 
(Tag/Monat/Jahr der Anmeldung) 



(Day/Month/Year Filed) 
(Tag/Monat/Jahr der Anmeldung) 

□ Additional provisional application numbers are listed 
on a supplemental priority sheet attached hereto. 

I hereby claim the benefit under Title 35, United States Code 
§ 120 of any United States application(s), or §365(c) of any 
PCT international application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT international application in the manner 
provided by the first paragraph of Title 35, United States 
Code §1 12, 1 acknowledge the duty to disclose information 
which is material to patentability as defined in Title 37, Code 
of Federal Regulations §1.56 which became available 
between the filing date of the prior application and the 
national or PCT international filing date of this application. 



(Status) 

(patentiert, schwebend, aufgegeben) 
(patented, pending, abandoned) 



(Status) 

(patentiert, schwebend, aufgegeben) 
(patented, pending, abandoned) 

n Additional U.S. or intemational application numbers are 
listed on a supplemental priority sheet attached hereto. 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on 
information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent 
issued thereon. 

The undersigned hereby authorizes the U.S. attorney or agent 
named herein to accept and follow instmctions from either 
his foreign patent agent or corporate representative, if any, as 
to any action to be taken in the Patent and Trademark Office 
regarding this application without direct communication 
between the U.S. attorney or agent and the undersigned. In 
the event of a change in the persons firom whom instmctions 
may be taken, the U.S. attorney or agent named herein will be 
so notified by the undersigned. 
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German Language Declaration 

Als nachstehend benannter Erfmder erklare ich hiermit an Eides As a below named inventor, I hereby declare that- 

Statt: 



dafi mein Wohnsitz, meine Postanschrift und meine Staats- 
angehorigkeit den im nachstehenden nach meinem Namen 
aufgeffihrten Angaben entsprechen, daB ich nach bestem Wissen der 
ursprungliche, erste und alleinige Erfmder (falls nachstehend nur ein 
Name angegeben ist) oder ein urspriinglicher, erster und Miterfmder 
(falls nachstehend mehrere Namen aufgefiihrt sind) des 
Gegenstandes bin, fiir den dieser Antrag gestellt wird und fur den 
ein Patent fur die Erfmdung mit folgendem Titel beantragt wird: 
GUSSWERKSTOFF V\TR T NDEFINTTRWALZRN MTT KTNP.M 
MANTELT RIL IJND VF.RFAHRRN 7TT PFSSFN 
HERSTELT.TJNG 

deren Beschreibung hier beigefugt ist, es sei denn (in diesem Falle 
Zutreffendes bitte ankreuzen), diese Erfmdung 

^ wurde angemeldet am 20 April 2000 

unter der US-Anmeldenummer 09/869.310 

und wurde am abgeandert (falls zutreffend) 

oder 

=jiiter der PCT intemationalen Anmeldungsnummer 
P(g|AT00/00102 

und wurde am 20/Februar/2Q01 abgeandert (falls 
zuttiffend). 

Iciiiestatige hiermit, daB ich den Inhalt der oben angegebene Paten- 
tai|*eldung, einschliefilich der Anspruche, die eventuell durch einen 
ot^h erwahnten Zusatzantrag abgeandert wurde, durchgesehen und 
vefstanden habe. 

Icf erkenne meine Pflicht zur Offenbarung jeglicher Informationen 
anfdie zur Priifung der Patentfahigkeit in Einklang mit Titel 37, 
Code of Federal Regulations, § 1.56 von Belang sind. 

IcfeSeanspruche hiermit auslandische Prioritatsvorteile gemaB Title 
^^fJS-Code, § 1 19 (a)-(d), bzw. § 365(b) aller unten aufgeahrten 
AiisTandsanmeldungen fur Patente oder Erfmderurkunden, oder § 
365(a) aller PCT intemationalen Anmeldungen, welche wenigstens 
ein Land ausser den Vereingten Staaten von Amerika benennen, und 
habe nachstehend durch ankreuzen samtliche Auslandsanmeldungen 
far Patente bzw. Erfmderurkunden oder PCT Internationale 
Anmeldungen angegeben, deren Anmeldetag dem der Anmeldung, 
fur welche Prioritat beansprucht wird, vorangeht. 

Prior Foreign Applications 

Friihere auslandische Anmeldungen 



My residence, post office address and citizenship are as stated 
below next to my name. 

I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention entitled 

CASTING M ATERIAL FOR INDEFTNTTE ROLLERS WITH A 
SLEEVE PA RT AND METHOD FOR PRODUCING THE 
SAME 

the specification of which is attached hereto unless the following 
box is checked: 

13 was filed on April 20. 2000 as 

United States Application Number 09/869.310 

and was amended on (if applicable) 

or, 

PCT International Application Number PCT/ATOO/00102 
and was amended on Februarv20. 2001 (if applicable). 

I hereby state that I have reviewed and understand the contents of 
the above identified specification, including the claims, as 
amended by any amendment referred to above. 



I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, §1.56. 

I hereby claim foreign priority under Title 35, United States Code 
§ 1 19 (a-d) or §365(b) of any foreign application(s) for patent or 
inventor's certificate, or §3 65(a) of any PCT international 
application which designated at least one country other than the 
United States, listed below. I have also identified below, by 
checking the "No" box, any foreign application for patent or 
inventor's certificate, or of any PCT international application 
having a filing date before that of the application on which 
priority is claimed: 



Priority Claimed 
Prioritatsanspruch 



A 720/99 AUSTRIA 22/Anri]/]999 K □ 

(Number) (Country) (Day/MonthA^ear Filed) Yes No 

(Nummer) (Land) (Tag/Monat/Jahr der Anmeldung) Ja Nein 



(Number) (Country) (Day/MonthA^ear Filed) Yes No 

(Nummer) (Land) (Tag/Monat/Jahr der Anmeldung) Ja Nein 
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